Objective: Cesarean delivery (CD) may be associated with stillbirth in future pregnancies. We investigated prior CD as a risk factor for stillbirth in Lusaka, Zambia.
| INTRODUCTION
Every year more than 3 million stillbirths occur worldwide, and this number has not changed significantly over the past 20 years. 1, 2 Approximately 98% of these stillbirths occur in low-and middleincome countries, with 50%-70% during the intrapartum period. [2] [3] [4] [5] Similar rates of stillbirth are not seen in industrialized countries because of the widespread availability of skilled providers in the antepartum period and access to timely delivery. 4 Because comprehensive obstetric care is not readily available in many resource-constrained settings, new and effective approaches to identify, triage, and manage high-risk pregnancies are urgently needed.
Prior cesarean delivery (CD) has been associated with both antepartum and intrapartum stillbirth in future pregnancies, although findings have not been consistent. [5] [6] [7] [8] [9] [10] [11] In the antepartum period, this increased risk may be attributed to abnormal placentation at the uterine scar or adhesion formation due to a prior CD. 7 A systematic review and meta-analysis by O'Neill et al. 5 found that prior CD was associated with a 23% increased odds of a subsequent stillbirth in a pooled adjusted model. Studies from the USA, Europe, and Australia have reported up to a 3.7-fold risk for antepartum stillbirths among women with a prior CD. 6, 8, 9 Other studies of large perinatal databases did not find such relationships. 5, 9 In a 2015 cohort analysis of Canadian women, for example, Wood et al. 10 showed that previous CD was not associated with stillbirth when potential confounders were considered, including maternal risk factors in the second pregnancy. 10 Currently, CD rates remain low in many African settings, due primarily to health infrastructure constraints. As CD rates rise in many parts of Africa, 11 and move closer to WHO's recommended rate of 5%-15%, 12 the impact of CD on subsequent delivery will become increasingly important. It is unclear how the rising rates of CD will affect a woman's future childbearing, future pregnancy risks, healthcare costs, and the surgical quality of CD. In this analysis, we investigated the relationship between prior CD and stillbirth in a subsequent pregnancy in Lusaka, Zambia. We evaluated this relationship for all stillbirths, and then stratified analyses to examine by type of stillbirth (antepartum vs intrapartum).
| MATERIALS AND METHODS
We conducted a retrospective analysis of a cohort of women who First pregnancy delivery <1000 g (n=28)
Women with first pregnancy delivery information (n=57 890)
Second pregnancy missing information on birth outcome (n=433)
Second pregnancy delivery <1000 g (n=137)
Women with adequate first and second pregnancy delivery information (n=57 320) facilities also provide delivery services. The University Teaching
Hospital receives referrals for high-risk pregnancies from the entire district and, at the time these data were collected, it was the only facility equipped to conduct CD. 14 Stillbirth, our primary outcome, was defined as a newborn with no signs of life at delivery (i.e., no respiratory effort or cardiac activity) and weighing 1000 g or more. Attendant medical staff diagnosed the stillbirth and its suspected timing (antepartum vs intrapartum) at the time of delivery. The distinction between antepartum and intrapartum stillbirth was based on signs of maceration at delivery. Intact skin with no signs of disintegration in utero were assumed to have occurred in the 12 hours before delivery and were classified as intrapartum stillbirths. Stillbirths with signs of maceration, including skin and soft tissue changes, were assumed to have occurred more than 12 hours before delivery and were classified as antepartum.
1,3
We considered additional pregnancy complications in our analysis. Using a previously published convention by our group, 15 women whose recorded blood pressure exceeded 140 mm Hg systolic or 80 mm Hg diastolic at any pregnancy or delivery visit, or who were diagnosed with eclampsia, were categorized as having pregnancyassociated hypertension. We were unable to reliably differentiate pregnancy-associated hypertension or pre-eclampsia from chronic hypertension in this dataset. Preterm birth, a patient-reported outcome, was defined by a previous delivery occurring at 8 months' Maternal and infant characteristics were analyzed for association with stillbirth using Pearson's χ 2 test or the Wilcoxon rank-sum test.
We also examined cumulative incidence of stillbirth by time since conception using the complement of the Kaplan-Meier survival function.
Women were censored if they delivered, and removed from the risk set if they had a stillbirth. A log Poisson model was then used to estimate the risk ratio for the association between stillbirth and prior CD.
The Poisson model was used to approximate the binomial model. 16, 17 Independent variables that were identified a priori from literature review and that were statistically significant (P≤0.05) in univariable Women with a prior CD were slightly older, had a higher body mass index (BMI), and were more likely to have hypertension during pregnancy than were those with no prior CD ( Figure 2 shows the cumulative incidence of intrapartum stillbirth and antepartum stillbirth in the second pregnancy, by estimated gestational age at delivery. The risk of intrapartum stillbirth was significantly higher in women with a prior CD, and the increased risk was most apparent from 36 to 37 weeks' gestation (log-rank P<0.001).
| RESULTS

| DISCUSSION
In a large pregnancy cohort in Lusaka, Zambia, women with a prior CD were more likely to have a stillbirth in their second pregnancy, both during the antepartum and intrapartum periods. The increased risk of intrapartum stillbirth became apparent among women with a CD from around 36-37 weeks' gestation, and increased dramatically after 41 weeks.
A particular strength of our study is that we were able to adjust for important confounders such as prior stillbirth, age, BMI, infant birth weight, and hypertension. Specific to our large patient population, we were also able to adjust for HIV infection and RPR reactivity. The large sample size enabled us to capture enough stillbirths to increase our statistical power to detect differences between women who had a prior CD and those who did not. We also acknowledge several limitations. First, certain risk factors for stillbirth, including pre-eclampsia, diabetes, and rhesus status,
were not well documented in our database, largely due to the limited screening and diagnostic tests available in our setting. Second, in our analysis of this large retrospectrive cohort, we were unable to ascertain causes of the antepartum stillbirths or to determine the precipitating events for the intrapartum stillbirths. Third, we acknowledge the suboptimal dating criteria for estimation of gestational age due to late presentation to antenatal care and limited ultrasound availability in our setting. Finally, the definitions of antepartum and intrapartum stillbirth are determined by observation at the time of delivery, and previous studies have indicated that this method may overestimate intrapartum stillbirths. 18 That the association between prior CD and both types of stillbirths remained consistent is reassuring, and suggests that such biases may have had minimal impact.
To our knowledge, this is one of the largest studies to evaluate the association between a prior CD and stillbirth in a subsequent pregnancy in Africa. Most studies in high-income countries focus primarily on antepartum stillbirths 1, 19 because intrapartum stillbirths are rare due to improvements in intrapartum monitoring and interventions such as CD in these settings. 20, 21 By contrast, 63% of all stillbirths in our cohort likely occurred during labor or near the time of delivery. This estimate is similar to that from a recent study from rural Zambia, which showed a rate of 72% of non-macerated stillbirths, 22 and a multi-country study from the Global Network, which reported that 67% of all stillbirths in Zambia were non-macerated, suggesting an intrapartum stillbirth. 20 In our cohort of women with a prior CD, intrapartum stillbirths were more likely to occur than antepartum stillbirths. This adverse outcome may be specific to a subgroup of women with a prior CD.
Women in Zambia with a prior CD rarely have scheduled repeat CDs at 39 weeks, rarely undergo an induction of labor because of the risk of uterine rupture, and do not have fetal testing or evaluation for amniotic fluid index if they progress past 41 weeks. Our data support this practice because women with prior CD delivered subsequent postdate pregnancies more frequently than those without prior CD, and delivered larger infants. The condition of postdates is a well-known risk factor for stillbirth 23 and our data suggest that the duration of pregnancies in women with a prior CD may be one of the biggest risk factors for stillbirth compared with simply having had a prior CD.
The American Congress of Obstetrician and Gynecologists recommends that most women with one previous CD with a low-transverse incision are candidates for, and should be counseled about, vaginal birth after CD and offered trial of labor after cesarean. 24 In Zambia, there is a structured referral system from the district clinics to the University Teaching
Hospital, but women with a prior CD are not typically referred while pregnant for consultation to determine eligibility for vaginal birth after CD.
On the basis of our findings, we recommend that healthcare professionals provide earlier referrals (e.g., by 34 weeks) to tertiary care facilities for women with prior CD. The elevated risk for stillbirth, beginning at that time, suggests that discussions of mode and timing of delivery and further monitoring-possibly with antepartum testing-need to be implemented. Key to decreasing stillbirths in women with a prior CD is an improved understanding of cause. Better differentiation of the causes of stillbirths will improve with the scale up and implementation of the WHO application of ICD-10 to deaths during the perinatal period (ICD-PM). 25 The ICD-PM will help to identify the causes of stillbirths "in order to identify possible interventions to prevent future deaths." 25 Gestational age dating as well as determining the optimal timing of delivery and mode of delivery is highly important.
Studies that prioritize the best ways to induce labor even in women with a prior CD, and ways to best monitor the fetus in labor in lowincome settings, are urgently needed.
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